Abstract | Cholangiocarcinomas are a diverse group of tumors that are presumed to originate from the biliary tract epithelium either within the liver or the biliary tract. These cancers are often difficult to diagnose, their pathogenesis is poorly understood, and their dismal prognosis has resulted in a nihilistic approach to their management. The two major clinical phenotypes are intrahepatic, mass-forming tumors and large ductal tumors. Among the ductal cancers, lesions at the liver hilum are most prevalent. The risk factors, clinical presentation, natural history and management of these two types of cholangiocarcinoma are distinct. Efforts to improve outcomes for patients with these diseases are affected by several challenges to effective management. For example, designations based on anatomical characteristics have been inconsistently applied, which has confounded analysis of epidemiological trends and assessment of risk factors. The evaluation of therapeutic options, particularly systemic therapies, has been limited by a lack of appreciation of the different phenotypes. Controversies exist regarding the appropriate workup and choice of management approach. However, new and emerging tools for improved diagnosis, expanded indications for surgical approaches, an emerging role for locoregional and intrabiliary therapies and improved systemic therapies provide optimism and hope for improved outcomes in the future.
Introduction
Cholangiocarcinomas, broadly described as malig nancies that arise from the biliary tract epithelia, are enigmatic and challenging cancers. These cancers are rare in many parts of the world, such as Europe and the USA, accounting for <3% of all malignant tumors. However, there is a dramatic geographic variation in their incidence, which reflects regional differences in risk factors and epi demiology. 1, 2 Cholangiocarcinomas can be divided into two major clinical phenotypes: intrahepatic and ductal. However, the underdiagnosis of intrahepatic cancers and variable classifications of hilar tumors as intra hepatic or extrahepatic tumors have confounded analyses of the true incidence rates of these cancers. 3 Although it seems that the age-adjusted incidence of intrahepatic cholangiocarcinoma has increased in several parts of the world (for example, the USA and Europe), the true picture is unclear and might be obscured by diagnostic misclassification. 4, 5 Treatment outcomes and survival for patients with these cancers have improved little over the past three decades-a period in which successful new treatments have increased patient survival for many other cancers. Patients with cholangiocarcinoma usually present at late stages of the disease, and symptoms might be nonspecific, such as painless jaundice, weight loss or cholangitis. 6 Therefore, these cancers remain difficult to diagnose and treat and their prognosis is generally poor. Approximately half of untreated patients die within 3-4 months of presentation from the indirect effects of local tumor progression, bile duct obstruction, liver failure or sepsis from cholangitis and abscesses. The manage ment of these patients is palliative, aimed at reducing obstructive cholestasis, pruritus and cholangitis.
Few patients are candidates for potentially curative surgical resection at the time of presentation. Moreover, the outcomes after resection with curative intent are poor, with 5-year survival of ~30-40% for intrahepatic cancers and up to ~50% for ductal cancers. [7] [8] [9] Many patients are not well enough to undergo aggressive chemotherapy or radiation therapy. Furthermore, cholangio carcinomas respond poorly to these therapies. In carefully selected patients, aggressive multimodality treatment approaches that combine liver transplantation, systemic chemotherapy and radiation therapy have resulted in 5-year survival exceeding 70%. 10 In a study published in 2010, a median survival of 11.7 months was noted when systemic therapy with cisplatin and gemcitabine was used to treat patients with unresectable biliary tract cancers. 11 Although treatment with this combination has been touted as the standard of care for all biliary tract cancers, comparable survival has been reported in randomized trials in patients with ductal cancers who were treated with palliative photodynamic therapy and stenting. [12] [13] [14] [15] Understanding of risk factors and pathogenesis, and thus optimal management, is hampered by the inconsistent use of nomenclature. Progress in defining optimal systemic therapies for patients with cholangiocarcinomas is hindered by the lack of stratification and consideration of phenotypic heterogeneity in clinical trials. Approaches for palliative care that have improved effectiveness are emerging; for example, local ablation or radiation therapy, or systemic therapy with medical chemotherapy. The adoption of multimodality approaches might expand the role of surgical resection and improve its outcomes. Thus, there remains reason for optimism. This Review outlines some of the current challenges (Box 1) and offers recommendations for the management of patients with cholangiocarcinomas.
Key points
■ Cholangiocarcinomas are a diverse group of tumors that occur within the liver and biliary tract and are thought to originate from the epithelial lining of the biliary tract ■ The two major clinical phenotypes of cholangiocarcinoma are intrahepatic and ductal tumors (further divided into lesions that arise at the liver hilum or the extrahepatic ductal system) ■ Macroscopic (mass-forming, sclerosing or polypoid) and microscopic (cholangiocellular or hepatocellular) are additional subclassifications that might correlate with biological behavior and therapeutic response ■ Inconsistent use of designations based on anatomical characteristics has confounded analysis of epidemiological trends and a lack of appreciation of the different phenotypes has limited the evaluation of systemic therapies ■ Appropriate evaluation and choice of management approach requires a multidisciplinary approach; a multimodality approach to the management of patients with these cancers should be considered ■ Emerging new tools for improved diagnosis, expanded indications for surgical approaches, an emerging role for locoregional and intrabiliary therapies and improved systemic therapies might improve outcomes in the future
Classification
The need to adopt a consistent classification for cholangio carcinoma has become a critical issue. Classifications of cholangiocarcinoma based on anatomical location (inside or outside the liver) have been inconsistently applied, particularly with respect to hilar ductal cancers that extend into the liver. 3 Findings from diagnostic or preoperative evaluations do not correlate well with pathological findings. In addition, a molecular classification is lacking. Although attempts have been made to define genetic changes in cholangiocarcinomas, their use for classifying these cancers is premature. [16] [17] [18] [19] [20] A classification based on the clinical phenotype of the tumor is appropriate (Figure 1) . Cholangiocarcinomas typically present in one of two ways: either as mass lesions within the liver (intrahepatic cholangiocarcinoma) or with biliary tract obstruction attributable to large duct obstruction (ductal cholangiocarcinoma). Other than in their mode of presentation, these two distinct phenotypes differ in their etiology, risk factors, natural history, clinical behavior and response to therapies. Consequently, the management and outcomes of patients with these cancers are different. Intrahepatic cholangiocarcinoma presumably arise from small ducts within the liver, and can grow to a large size before the patient becomes symptomatic. By contrast, ductal cholangiocarcinomas arise from large ducts, up to the second order of branching, and the patients present with biliary tract obstruction.
The clinical phenotype of ductal cholangiocarcinoma encompasses cancers that arise from within the large ducts at the hilum, even when they present with mass lesions or extend into the liver. These perihilar cancers comprise a large proportion of the cholangio carcinomas included in surgical series from tertiary referral centers and have been considered as a separate type of cholangiocarcinoma because their surgical manage ment differs from that of other ductal cancers. [21] [22] [23] The biological behavior and therapeutic outcomes of perihilar cancers are distinct from those of intrahepatic cholangiocarcinoma. A classic description of perihilar cancers by Gerald Klatskin included both ductal cancers that extend into the liver and intrahepatic cancers with hilar involvement. 24 The eponymous classification of these cancers as Klatskin tumors is not helpful as it does not adequately differentiate between the different clinical phenotypes. These major phenotypes, intrahepatic or ductal, can often be distinguished based on their presentation or with the diagnostic modalities that are currently available. Similarly, the clinical phenotype of intrahepatic cholangiocarcinoma encompasses cancers that might share varying degrees of hepatocytic or ductular differentiation. These cancers require distinction as they might behave differently. Thus, anatomical or pathological subclassifications can be used to define the major subtypes of cancers in this phenotype-based classification.
Consistent use of terminology is necessary to understand disease pathogenesis, to enhance communication among clinicians, researchers and patients, and to enable the use of effective staging and management approaches. The adoption of a consistent designation in clinical, pathological and epidemiological reporting will avoid those difficulties inherent in the current terminologies. A uniform classification will also facilitate the design and implementation of phase II and III clinical trials of therapeutic approaches. These trials have been hampered by the lack of validated staging systems to stratify populations of patients. Until stratification schemes that incorporate phenotypic heterogeneity are applied, the results from these trials will be difficult, if not impossible, to interpret.
Intrahepatic cholangiocarcinoma
These cancers arise from intrahepatic ducts, which extend from the periphery of the liver to the second-order bile ducts within the liver. 25 
Epidemiology
Patients with intrahepatic cholangiocarcinoma comprise a small proportion of all patients with cholangiocarcinoma referred to surgical centers in the USA. 7 Their true incidence is probably greater than appreciated because of underdiagnosis owing to a lack of differentiation from other primary or secondary tumors in the liver. Risk factors for intrahepatic cholangiocarcinoma include chronic biliary tract diseases such as primary sclerosing cholangitis (PSC), hepatolithiasis, choledochal cysts and liver fluke infections (Box 2). [26] [27] [28] Nonbiliary diseases such as heavy alcohol use, obesity, nonalcoholic fatty liver disease, chronic hepatitis C and cirrhosis are also more prevalent in patients with these cancers compared to the general population.
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Pathology
The tumors typically form masses with a well-demarcated nodule that grows in a radial pattern, or spreads longitudinally along the bile duct: tumors can also show both patterns of growth. 30 A classification based on macroscopic type (mass-forming, sclerosing or polypoid) has been proposed by the Liver Cancer Study Group, Japan. 31 Microscopically, a proportion of intrahepatic tumors might have features of ductular morphology with mucin production, or features of hepatocellular differentiation to a varying extent. 31 These distinct macro scopic and microscopic subtypes might vary in their clinical or biological behavior and thus deserve inclusion in classifica tions of intrahepatic cholangiocarcinoma.
Presentation and diagnosis
The typical presentation of an intrahepatic cholangiocarcinoma is an incidental hepatic mass lesion. 32 Contrast-enhanced CT or MRI imaging will be necessary to determine the size, number and location of the lesions, vascular invasion and the extent to which the tumor has spread. 33 The diagnosis is often made during evaluation of solitary masses within the liver. A finding of adenocarcinoma from a biopsy sample of a hepatic mass lesion should indicate to the clinician that a diagnosis of cholangiocarcinoma is possible, particularly in the absence of another obvious primary lesion outside the liver. Levels of tumor markers, such as carbohydrate antigen 19-9 (CA19-9) or carcinoembryonic antigen (CEA), might be raised, but these markers lack sensitivity for diagnostic use. Concomitant increases of the levels of CA19-9 and α-fetoprotein should suggest a mixed hepatocellular-cholangiocarcinoma. Distinguishing these mixed tumors from hepatocellular carcinoma is important, as they respond differently to therapy and the outcomes following liver transplantation are poorer in patients with mixed hepatocellular-cholangiocarcinoma than for those with hepatocellular carcinoma.
Staging
Staging systems for all intrahepatic tumors were previously based on the TNM classification and stage grouping criteria used for hepatocellular carcinoma. However, these criteria were not predictive of prognosis in patients with intrahepatic cholangiocarcinoma and are unnecessarily complex. 34 A specific staging system for intrahepatic cholangiocarcinoma has now been proposed in the American Joint Committee on Cancer (AJCC) 7 th edition staging manual. 35 This system is simpler than the TNM system and a correlation with prognosis has been validated. 36 The AJCC system is based on the number of intrahepatic lesions, presence or absence of vascular invasion, and lymph node and distal metastases. In data from the Surveillance, Epidemiology, and End Results (SEER) database, overall median, 3-year and 5-year survival were 21 months, 31% and 18%, respectively; however, in the absence of nodal involvement or distant intrahepatic metastases, the overall median, 3-year and 5-year survival were 29 months, 40% and 25%, respectively.
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Treatment of intrahepatic cholangiocarcinoma Surgery Surgical resection should be considered for patients with localized disease, as this is the only strategy with the potential for cure ( Figure 2) . 39, 40 A critical factor is the extent of hepatic resection that is necessary and also compatible with a functionally adequate remnant liver. Advances in techniques to predict residual tumor volume and function, and portal embolization enable more extensive resections than were possible previously. 41, 42 For patients with an R0 resection (those with negative surgical margins and a lack of regional lymph node involvement), imaging every 6 months for up to 3 years is reasonable to monitor for recurrence. Enrollment of patients with an R0 resection in a clinical trial of adjuvant therapy should be considered, if available, to evaluate approaches to improve outcomes of R0 resections. 43 For resections with either positive margins (R1) or residual tumor or positive lymph nodes (R2), re-resection or ablation should be considered if feasible. Otherwise, these patients could be managed with systemic therapy with 5-fluorouracil (5FU) or gemcitabine. Liver transplantation has poor outcomes for patients with intrahepatic cholangiocarcinoma and is generally not recommended unless in the context of an approved trial protocol.
Locoregional therapy
Locoregional approaches, such as ablation, transarterial chemoembolization (TACE) and transarterial Variations exist in the risk factors for intrahepatic and ductal cancers, but the extent is unknown as distinctions between these clinical phenotypes have not usually been reported. HCV infection, smoking, obesity, for example, are risk factors for intrahepatic but not for ductal cancers. radio embolization, have been used in patients with cholangio carcinoma. 44, 45 However, the experience has been limited and these modalities have not been systematically evaluated. 46 Local disease control with TACE is possible in up to 76% of patients, and the outcomes might be improved with systemic chemotherapy. 47 Although small, localized lesions are seldomly encountered, local ablation might be considered if complete tumor necrosis can be achieved and there is no evidence that the tumor has spread. 48, 49 Ablation might be considered in patients with local recurrence or residual tumor after surgery with curative intent. 50 
Radiation therapy
Although the response to external beam radiation therapy in patients with intrahepatic cholangiocarcinoma has been poor, anecdotal evidence indicates that a reduction in tumor burden can be achieved with stereotactic body radiotherapy treatment (SBRT). [51] [52] [53] In a recent phase I study of SBRT in 10 patients with unresectable intrahepatic cholangiocarcinoma, a median survival of 15 months was noted. 54 Two patients developed transient biliary obstruction and two patients progressed from Child-Pugh class A to Child-Pugh class B. Although there is no current role for radiation therapy in the treatment of patients with intrahepatic cholangiocarcinoma, approaches such as SBRT could be considered as part of future multimodality proposals.
Systemic therapy
For patients with advanced cancers that are unresectable or those with metastatic disease, systemic therapy with gemcitabine plus cisplatin is a first-line approach (Figure 2) . A benefit has been demonstrated for gemcitabine plus cisplatin compared to gemcitabine alone, and for chemotherapy based on 5FU compared to the best supportive care. 11, 55 Alternative choices, particularly in individuals who might not tolerate the combination of gemcitabine and cisplatin would include gemcitabine monotherapy, 5FU-based regimens, or supportive care. 56, 57 Where available, enrollment in a clinical trial with appropriate stratifica tion that would enable an evalua tion of the responses of patients with intrahepatic cholangiocarcinoma who undergo these treatments should be considered.
Outcomes
Untreated, survival of patients with advanced intrahepatic cancers is short: survival of 3.0 ± 5.3 months was reported in a large cohort study. 58 By contrast, the median survival of patients with intrahepatic cancer who are treated with systemic chemotherapy ranges from 8 to 12 months. After surgical resection with curative intent, 1-year and 5-year survival of 68% and 32%, respectively, have been reported. 59 
Ductal cholangiocarcinoma
Ductal cholangiocarcinomas arise from the epithelia of large ducts of the biliary tract and include cancers of the common bile duct, common hepatic duct and the right and/or left hepatic ducts including their secondary bifurcation. They include cancers that occur at the hilum, which have been termed Klatskin tumors, but not tumors that arise at the ampulla of Vater.
Epidemiology
Unlike the trends reported for intrahepatic cholangiocarcinoma, studies indicate that the incidence of There are no data to guide optimal therapy for patients with unresectable disease and the choice of therapy will be based on the available local expertise and resources. For nonresectable but localized tumors, potential options include locoregional approaches such as chemoembolization, and radioembolization, or systemic chemotherapy. For metastatic or progressive tumors, systemic therapy with gemcitabine and cisplatin, or 5FU could be considered. Abbreviations: 5FU, 5-fluorouracil; OLT, orthotopic liver transplant; SBRT, stereotactic body radiotherapy; TACE, transarterial chemoembolization; TARE, transarterial radioembolization.
ductal cholangiocarcinomas might not be increasing. 4, 5 However, precise data are not available because this group includes cancers that have been variably classified as both extrahepatic and intrahepatic cholangiocarcinomas. 3 Thus, misclassification of ductal cancers that arise at the hilum as intrahepatic lesions might have resulted in under-recognition of the true prevalence and incidence of these cancers.
Presentation
Ductal cancers characteristically present with signs and symptoms of biliary obstruction, such as jaundice, or cholangitis. Evidence of biliary obstruction on imaging studies and laboratory findings indicative of cholestasis, such as hyperbilirubinemia and bilirubinuria, might be present. Tumor markers such as CEA and CA19-9 lack specificity as levels of these markers can be increased by extrahepatic obstruction from any cause. Untreated, death occurs within a few months of presentation, mostly attributable to biliary sepsis, liver failure or hemorrhage. These causes of death are mostly sequelae of local tumor effects, and metastatic spread is rare at the time of presentation.
Diagnosis
For patients with ductal cancers, biliary tract obstruction can be evaluated with ultrasonography or CT scanning, which will enable the level of obstruction to be ascertained. Imaging might indicate intrahepatic duct dilation with variable dilation of extrahepatic ducts dependent on the location of the cancer. Macroscopically, these cancers can present as sclerosing or polypoid lesions. These subtypes can sometimes be differentiated on either cholangiography or cholangioscopy. The diagnosis of malignancy is challenging, particularly for sclerosing lesions or in the setting of underlying stricturing disease, and there are many diseases that mimic malignancy. 60 The sparse nature of tumor cells within a fibrotic matrix (as seen in ductal strictures), and the poor accessibility of the lesions makes it difficult to obtain a tissue diag nosis. Cholangiography can also be useful to determine the extent of the disease, which is important to plan treatment. Although the cholangiographic appearance can be suggestive, microscopic confirmation is needed to confirm the diagnosis. Brush cytology is recommended, but is often not diagnostic even with repeated brushings as the tumor grows underneath the mucosa, or reactive cells might be obtained in patients with inflammatory conditions, such as PSC.
The diagnosis of dysplastic changes within the biliary tract epithelia is extremely challenging. Combining cytology with image analysis of DNA content or fluorescence in situ hybridization using specific chromosomal probes to detect polysomy might improve diag nosis without a reduction in specificity. Aspirations or biopsy samples might be useful, and can be obtained under direct visualization at cholangioscopy. The use of chromoendoscopy, confocal endoscopy, or narrow band imaging within the biliary tract coupled with cholangioscopy are emerging techniques that might be promising methods to aid the identification of epithelial regions for targeted biopsy samples. However, these techniques are not widely available and require advanced endoscopic equipment.
The selection of patients for resection or liver transplantation depends on the available expertise, demonstration of resectability and absence of tumor spread. The extent of intrabiliary spread can be assessed by determining luminal changes on cholangio graphy. Duplex ultrasound, CT and magnetic resonance cholangio pancreatography or surgical exploration and laparotomy might all be needed to adequately stage disease and assess locoregional extension or distant metastases. Selection for surgery is also dependent on adequate localized lobar involvement. Thus, lobar bile duct involvement (for example, right hepatic duct) with contralateral vascular encasement (such as left portal vein encasement) precludes surgical resection, which is the only established, potentially curative therapy for patients with ductal cancers. Staging laparoscopy might be needed in patients with TNM stage T2 or T3 hilar cholangiocarcinoma who do not show evidence of unresect able or metastatic disease as determined by preoperative imaging.
Staging
The AJCC-TNM staging system for ductal cholangiocarcinoma is based on pathological data and is useful to identify patient prognosis, but has little applicability for assessing the feasibility of surgical treatment. The Japanese Society of Biliary Surgery staging system might be more valuable for determining patient survival than the TNM system. 61 Hilar tumors that extend within the liver can be staged using these criteria. The BismuthCorlette classification for hilar lesions describes tumor location and its spread within the biliary tract but is not predictive of resectability. 62, 63 In addition, this classification was described to help plan surgery and is not a true staging system. Similarly, the Memorial Sloan Kettering Cancer Center (MSKCC) staging systems for hilar lesions pertain to selection of patients for surgery. 64 The MSKCC T-stage criteria are based on the location and extent of ductal involvement, presence or absence of portal vein invasion, and presence or absence of hepatic lobar atrophy irrespective of metastases or lymph node status. This system correlates with resectability and survival: 59% of T1 lesions are resectable and are associated with a median survival of 20 months; by contrast, 22% of T3 lesions are potentially resectable and these lesions are associ ated with a median survival of only 8 months. However, these systems were not developed to correlate with survival and do not pertain to patients with advanced disease.
Factors that can affect outcomes for patients with ductal cancers include the size of the primary lesion; extrahepatic spread; the extent of ductal and vascular obstruction and their functional consequences for hepatic function and selection for surgery; presence or absence of lobar atrophy; the performance status of the patient; and the availability and effectiveness of therapy.
A validated staging system that incorporates these factors is needed. 65 The radial rather than longitudinal diameter of a mass lesion might have prognostic value, and the presence of a mass lesion of ≥3 cm has been proposed as a cut-off value for surgery although validation of this strategy is needed. The use of size criteria is limited by the inability to accurately determine tumor diameter during radiological assessments, particularly in the presence of local tissue inflammation.
Treatment of ductal cholangiocarcinoma
Surgery
Complete surgical resection of the ductal cholangiocarcinoma offers the best chance of long-term survival. For tumors that seem resectable, the surgical procedure that is used will depend on the location of the tumor. For hilar lesions, resection with excision of extra hepatic bile duct, regional lymphadenectomy and hepat ectomy of the right or left lobe, with or without caudate lobe removal might be needed. For nonhilar lesions, a pancreatico duodenectomy might be appropriate. If preoperative assessments do not indicate distal spread, lymphadenopathy or extension to second-order ducts, laparoscopy for staging or surgical exploration might be needed. 66 Preoperative stenting does not seem to confer any advantages, but might be considered in patients with long-standing jaundice and cholangitis to enhance bile flow. [67] [68] [69] Where possible, bile duct margins should be examined to assess for the presence of tumor, given the propensity of cholangio carcinoma to spread along the bile ducts. Liver transplanta tion should be considered as an option for patients with PSC with localized disease, if available.
For patients with ductal cancers that arise at the hilum, the outcomes following resection have improved over the past two decades with the adoption of more aggressive surgical approaches, such as extended hepatectomy, portal vein embolization and portal vein resections. [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] Other contributing factors might include improvements in perioperative and postoperative management. Following surgical resections with complete tumor removal, negative surgical margins and a lack of regional lymph node involvement, appropriate options include either imaging every 6 months for up to 3 years to monitor for recurrence, or enrollment in a clinical trial of adjuvant therapy if available. 82 Local or regional relapse can occur, even after curative resections, but the role of postoperative radiation remains unproven. Retrospective studies or database analyses of adjuvant therapy have not shown a survival benefit with postoperative chemoradiation. 83, 84 In addition, biliary complications can occur with radiation therapy. 85 For resections with either positive margins (R1) or residual tumor, adjuvant chemo radiation should be considered. If distant spread or positive lymph nodes are encountered, systemic therapy with gemcitabine plus cisplatin, or 5FU can be considered (Figure 3) .
If the tumor is not resectable, patients might be candidates for liver transplantation provided there is no evidence of extrahepatic spread and a multimodality approach is used with preoperative chemoradiation and operative staging. This multimodality option is available in very few centers, and can benefit very highly selected patients. In the experience of clinicians at the Mayo Clinic, USA, with such a protocol, routine preoperative staging precludes about a fifth of all patients under going this protocol from transplantation, and thus there is morbid ity to be considered with this approach. A retrospec tive analysis reported that for patients with localized hilar cancers, liver transplantation with neoadjuvant chemoradiation was more effective than resection. 86 Extending the option of liver transplantation for resectable tumors might be feasible with living donor programs but is unlikely to be widely used. Similarly, excision of all biliary tract epi thelia with en bloc hepatectomy-Whipple, followed by liver transplantation might be an option for patients with early stage hilar cancers and PSC.
Biliary drainage
Cholestasis and cholangitis related to biliary obstruction contribute to the morbidity associated with ductal cholangio carcinoma. Relief of biliary obstruction is helpful for palliative care and might delay death by a few weeks or months. Biliary drainage can be achieved by endoscopic or percutaneous stenting, which are preferable to surgical drainage as anastomotic leakage and mortality can occur with the latter. 87, 88 Self-expanding metal stents have longer patency rates and lower rates of cholangitis compared to plastic stents. Stent placement also enables subsequent intrabiliary treatment with brachytherapy or photodynamic therapy. 
Intrabiliary therapies
Locally ablative intrabiliary therapies, such as photodynamic therapy and brachytherapy, have roles in the palli ative treatment of patients with ductal cancers. 12, 13, [89] [90] [91] Results from two small, randomized studies indicate that biliary stenting with photodynamic therapy can prolong survival, compared to stent placement alone. 13, 15, 92 An increase in median survival from 3-6 months to 16-21 months was noted when photodynamic therapy was performed in addition to stenting. In view of these findings, photodynamic therapy with stenting could be considered for patients with unresectable ductal cancers, where available. In two studies, palliative photodynamic therapy has comparable survival in patients who underwent resection with curative intent, but had residual tumor (R1 or R2). 93, 94 Although these approaches do not detract from an aggressive surgical approach, they further emphasize the need and value of accurate preoperative staging.
Systemic therapies
Histological or cytopathological confirmation should be obtained if experimental or aggressive systemic therapies are being considered. For patients with advanced cancers that are unresectable or in those with metastatic disease, gemcitabine is a first-line approach. In contrast to patients with intrahepatic cholangiocarcinoma, the combination of gemcitabine with cisplatin does not seem to offer an advantage for those with ductal cancers. Alternative choices include 5FU or supportive care. 56, 57 As with intrahepatic cancers, enrollment in a clinical trial with appropriate stratification for ductal cancers should be considered if available.
Outcomes
For patients with hilar ductal cancers, a median survival of ~3 years and a 5-year survival of 20-40% can be expected with resection. With complete resections without residual tumor (R0), and in the absence of nodal involvement or vascular invasion, a 45% 5-year survival is possible. Survival in patients with R1 or R2 resections is much lower, and is comparable to palliative stenting with photodynamic therapy. In carefully selected patients with PSC and early-stage unresectable ductal cancers, a multimodality approach of neoadjuvant chemoradiation with liver transplantation can provide excellent results, with 5-year survival of up to 72%.
Management considerations
Goals of treatment
The goals of therapy in patients with cholangiocarcinoma are to treat the cancer, relieve symptoms and provide supportive care to the patient. Where the intent is to cure the cancer, therapeutic options include surgical resection or liver transplantation and possibly ablation for small tumors. Approaches for palliative care include biliary stenting, intrabiliary therapies such as photodynamic therapy, locoregional therapies such as TACE, chemotherapy and radiation therapy. Prevention or management of cholangitis and the effects of cholestasis might be needed.
Multidisciplinary care
The diagnosis of cholangiocarcinoma can be very challenging to establish and might require skilled and experi enced interventional endoscopists, radiologists and cytopathologists. Where possible, the feasibility of curative therapy should be considered, whether by surgery or liver transplantation. The use of this strategy will depend on the availability of the appropriate surgical expertise. Although liver transplantation for cholangiocarcinoma is only offered at a few centers in the USA, carefully selected patients with localized disease can benefit from good long-term outcomes after transplantation. The use of adjuvant therapies to treat patients with cholangiocarcinoma is not currently supported by robust evidence from clinical trials. As the long-term outcomes from surgical resection with curative intent are currently suboptimal, further studies to evaluate and refine adjuvant therapies should be a high priority. Most patients with ductal cancers will require palliative biliary drainage, which can be combined with photodynamic therapy or brachytherapy, external beam radiation therapy or systemic chemotherapy. The optimal management of patients with these cancers thus requires a coordinated effort that involves hepatolo gists, therapeutic endoscopists, transplant surgeons, diagnostic and interventional radiologists, and radiation, surgical and medical oncologists as appropriate. Evaluation and management by a multidisciplinary team is ideal to ensure that the most appropriate options are considered.
Screening and prevention
Risk factors for cholangiocarcinoma include both infectious and noninfectious causes (Box 2). Currently, there are no established screening systems for cholangiocarcinoma. Approaches for prevention involve strategies to screen and treat for hepatolithiasis or infestations with liver flukes to decrease the subsequent tumor formation that is associated with these conditions. However, these risk factors are geographically limited to certain parts of Asia. Other prevention strategies include surgery for choledochal cysts, as individuals with these cysts are presumed to have a high risk of cancer. PSC is a well character ized risk factor for cholangiocarcinoma in Western societies; however, there are no validated screening strategies for PSC. Liver transplantation as a preventive strategy in patients with PSC is contro versial. Although the existence of a dysplasia to carcinoma sequence has been postulated, technologies that can recognize preneoplastic changes are lacking.
A grading system for mild, moderate and severe biliary dysplasia, termed biliary intraepithelial neoplasia 1, 2 and 3, respectively was proposed and further refined in a multiobserver study. 95, 96 An increased prevalence of bile duct dysplasia was noted in patients who had an increased risk of cancer. Similarly, biliary intraepithelial neoplasia lesions with multiple microinvasive foci of cholangio carcinoma were reported in liver explants from a patient with an HCV infection and alcohol-related cirrhosis. 97 However, demonstration of the premalignant potential of biliary dysplasia, clear distinction from reactive inflammatory changes, and a detailed molecular and genetic characterization will be necessary to define the role and understand the importance of dysplasia in cholangiocarcinoma.
Diagnosis and staging
Tumor biomarkers are of limited value in the diagnosis of cholangiocarcinoma. 98 Although CA19-9 is used, it has low sensitivity, and is prone to both false negatives and false positives. 99 Abdominal imaging by ultrasound, CT or MRI, and cholangiography by direct contrast injection or MRI might be needed for an accurate diagnosis and staging of both intrahepatic and ductal cancers. An MRI with cholangiography will enable evaluation of hepatic parenchyma as well as ductal and vascular anatomy. However, endoscopic cholangiography or cholangioscopy is needed for tissue sampling by biopsy samples or brushings for pathological or cytological analysis. Additional information might be obtained by endoscopic ultrasound, which is a useful tool for the evaluation of biliary tract obstruction and for the detection and sampling of regional nodes.
Cytology has low sensitivity for the diagnosis of ductal cancers, as the desmoplastic nature of these tumors limits the ability to obtain adequate tissue samples for cytological analysis. In addition, interpretation of the samples is difficult because of reactive changes in the cells, particularly in the presence of inflammation. The yield can be increased by taking more samples and using techniques such as digital image analysis or fluorescent in situ hybridization, but sensitivity remains low even with these approaches. In some patients, the diagnosis of cholangiocarcinoma cannot be established definitively, and laparoscopy or surgical intervention might be necessary when suspicion is high.
Imaging studies can provide information about the extent of disease and the resectability that is needed for staging. Most cholangiocarcinomas are not resected unless they are localized, and thus staging data is currently based on clinical, and not pathological, information. Intrahepatic and ductal cancers require different staging systems, as they have distinct clinical behaviors. Staging data are needed to assess prognosis, to plan the optimal treatment and to evaluate the results of treatments. Particularly for ductal cancers, the lack of a well-validated staging system that recapitulates the natural history and prognosis and can guide the choice of therapy is a major challenge that has been identified as being of high priority.
Multimodality therapies
Several ongoing studies and management protocols are using multimodality approaches with careful selection of patients with localized disease, therapy to reduce the tumor burden and surgery with curative intent. As an example, the outcomes when liver transplantation alone was used to treat patients with cholangio carcinoma were dismal with 5-year survival of 25% in one series. 100 However, a multimodality approach to treat patients and limit the spread of cancer before transplantation has improved outcomes for patients with hilar ductal cancers, with 5-year survival exceeding 70%. 101 The adoption of similar multi modality approaches should be considered to improve the poor outcomes currently reported following surgical resections performed for cure, or for patients with unresectable cancers.
Evaluation of new therapies
Studies of new therapies have been limited by the lack of well-designed, appropriately stratified randomized or controlled studies in carefully defined groups of patients. However, several studies are ongoing in which chemotherapeutic drugs and biologic agents, alone or in various combinations are being assessed (Box 3). The proliferation of small, unstratified trials that lack randomization, are inadequately powered and include a mix of several different types of cancer remain challenges to the definition of effective treatment regimens for patients with cholangiocarcinoma. Single-center studies to rapidly evaluate new therapies or combinations of therapies might be economical and enable an adequate accrual of patients if heterogeneous groups are enrolled. However, such studies have contributed little to the definition of optimal therapies or improvements in outcomes. The rarity of cholangio carcinoma has been a challenge to the enrollment of patients in large, multicenter studies. The low incidence and heterogeneous nature of these cancers will require multicenter collaborative efforts of appropriately stratified groups in adequately powered studies if progress is to be made. Thus, the development and implementation of such studies should be of the highest priority.
Conclusions
There are several challenges and needs for the future (Box 1). An urgent need is to adopt a consistent and useful nomenclature and classification of cholangio carcinoma. This change is essential to improve the evalua tion of risk factors, to understand pathogenesis, define appropriate therapies and evaluate outcomes. The definition of risk factors and the natural history of cholangio carcinoma might eventually identify those who could benefit from directed preventive efforts. Strategies to prevent disease are critical in low-resource regions with a high prevalence of cholangiocarcinoma, such as areas of Southeast Asia. Concerted efforts to improve diagnostic techniques are needed to identify individuals who could benefit from surgical resection and improve preoperative staging. Multimodality approaches need to be evaluated with a systematic approach. The need to address these issues for this rare disease requires well-coordinated and collaborative efforts to make progress.
Review criteria
Literature searches were performed using the PubMed database and the following search terms: "cholangiocarcinoma", "biliary tract cancers" and "liver cancers" in combination with "incidence", "therapy", "prevention", "classification", "diagnosis" and "treatment". Data from full-text papers and abstracts published in English were reviewed. Relevant articles were also identified from the reference lists of review articles.
A search was performed of the Clinical Trials.gov database using the search terms: "cholangiocarcinoma" and "biliary tract cancers" to identify active or planned studies.
